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ABSTRACT
Carcinomas developed in hamster cheek pouches after topical treatment with vitamin A
palmitate for 10 weeks, followed by topical treatment with DMBA for 6 weeks. After treat-
ment with DMBA for 6 weeks without preceding application of vitamin A palmitate, no
carcinomas were present, and the most advanced lesion was acanthosis with slight epithelial
atypia. Thus the carcinogenic action of DMBA was enhanced by preceding treatment with
vitamin A palmitate. In previous studies a similar enhancing effect was noted when vitamin
A palmitate was applied after DMBA, and also when both were applied simultaneously.
Therefore vitamin A acts as a co-carcinogen in the process of DMBA-carcinogenesis in the
hamster cheek pouch. It is suggested that this effect of vitamin A palmitate may he a result
of its action on lysosomal membranes.
Various epithelial changes induced by vita-
min A in different experimental models, both
in vitro and in vivo, are now well documented.
The recorded changes involve epithelial dif-
ferentiation and proliferation, and include
mucoid metaplasia of squamous epithelium,
epithelial hyperplasia and atypia, rapid epi-
dermal proliferation and an increase in the
mitotic index (1—5).
In recent studies the local application of
excess vitamin A palmitate was shown to en-
hance the carcinogenic effect of 9, 10-dimethyl-
1, 2-benzanthracene (DMBA) on the hamster
cheek pouch mucosa. This potentiating effect
was noted not only when the vitamin was
administered simultaneously with the carcino-
gen (6), but also when it was applied to
pouch mucosa which had been treated pre-
viously with DMBA (7).
It appeared to be of importance to estab-
lish whether a reversal of the latter sequence
would also cause potentiation of DMBA-carci-
nogenesis. Thus the present study was de-
signed to assess the effect of preliminary topical
application of excess vitamin A palmitate on
subsequent chemical carcinogenesis in the
hamster check pouch.
Previously (fi, 7) the promoting effect of
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vitamin A on careinogenesis was tentatively
attributed to its labiizing influence on cell
membranes and lysosomes, which might have
resulted on the one hand in more effective
permeation of the carcinogen into the cell, and
on the other hand in release of lysosomal en-
zymes influencing nuclear metabolism. It was
hoped that the present study would throw
more light on the mechanism underlying the
promoting effect of vitamin A palmitate in
DMBA-carcinogenesis.
MATERIALS AND METHODS
The right cheek pouches of 24 male Syrian
golden hamsters, aged 1.5 to 2 months and weigh-
ing 55—65 gm, were painted three times per week
for 10 weeks with 10% vitamin A palmitate in
liquid paraffin, prepared on a weight-to-volume
basis. Vitamin A palmitate, 1.7 million U/g, E.
Merck AG, Darmstadt.) Thus the final concentra-
tion of vitamin A palmitate was 0.17 million U/ml.
A camel's hair brush was used (4). The brush
was dipped in the solution, excess was allowed to
drip off, and the pouch was firmly stroked with the
brush. In a preliminary test it was found that in
this way approximately 02 ml of paraffin is trans-
ferred to the pouch at each painting, containing
3400 U of vitamin A palmitate. Immediately after
the 10 week period of vitamin A application 6 ani-
mals were sacrificed (Group 1). The remaining 18
animals were sacrificed after an additional period
of 6 weeks. During this period, 6 animals were left
untreated (Group 2). In 6 other animals (Group
3), the right cheek pouches were painted 3 times
per week with a 0.5% solution of DMBA in liquid
paraffin, prepared on a weight-to-volume basis.
The right cheek pouches of the remaining 6 ani-
mals were painted in a similar manner as described
above, with liquid paraffin alone (Group 4).
In addition, another group of 12 male Syrian
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golden hamsters, 1.5 to 2 months old and weighing
55—65 g, were left untreated for a period of 10
weeks, while Groups 1—4 were treated with vitamin
A. Subsequently the right cheek pouches of 6 of
these animals (Group 5) were painted three times
per week during 6 weeks with a 0.5% solution of
DMBA in liquid paraffin, and the right cheek
pouches of the remaining 6 animals were painted
during the same period, in a similar fashion, with
liquid paraffin only (Group 6). The animals were
sacrificed immediately after this 6 week period.
The treatments received by the different groups
are summarized in Table I.
All animals received Purina Lab Chow and tap
water ad libitum throughout the experiment. No
spontaneous deaths occurred. Autopsies were per-
formed on all animals, and both cheek pouches,
regional lymph nodes and internal organs were
examined histologically.
RESULTS
The results are summarized in Table I.
Group 1. Macroscopically the pouch mucosa
appeared smooth. Histologically there were
foci of mild to moderate acanthosis, and oc-
casionally slightly atypical epithelial cells were
noted. In some areas there was a dense in-
flammatory infiltrate present in the lamina
propria, consisting of lymphocytes and mono-
nuclear cells.
Group 2. Macroscopically the mucosa was
smooth. Histologically there was focal epithe-
hal atrophy with a thin layer of keratin on the
surface. Generally the miicosa appeared nor-
mal. Occasional foci of fibrosis were present in
the lamina propria.
Group 3. Macroscopically there was irregu-
larity of the pouch mucosa in all animals. One
animal had 2 papillary tumors, 2 mm in diam-
eter, in the distal end of the pouch. Another
animal exhibited a solitary tumor, 7 mm in
diameter, in the center of the pouch. Histo-
logically, these 3 tumors were infiltrating
squamous cell carcinomas. In addition there
were occasional foci of intraepithehial carcinoma
present in all pouches. These foci exhibited
acanthosis with loss of polarity and with nu-
clear atypia and hyperchromasia in all layers
of the epithelium. However, the basement
membrane appeared intact, and no infiltrative
growth was present. The main finding in the
non-tumorous epitheium was diffuse hyper-
keratosis and acanthosis, with occasional focal
moderate epithelial atypicality. A mononuclear
inflammatory infiltrate was present in the
iamina propria.
Group 4. Macroscopieally the pouch mucosa
was smooth, and no tumors were present. His-
tologically, a few areas of epithelial atrophy
were present but generally the mucosa appeared
normal and no atypicality was seen.
Group 5. Macroscopically no tumors were
present, but there was slight irregularity of the
Inucosa. Histologically, no intraepithehial or
invasive carcinomas were present. All sections
examined showed diffuse hyperkeratosis and
acanthosis, and occasional mild focal epithelial
atypicahity.
Group 6. Macroscopieally the pouch mucosa
appeared normal and histologically no epithe-
hal changes were noted.
TABLE I
Enhanced carcinogenic effect of DMBA in cheek ponches of Syrian golden hamsters pre-Ireated
with topical vitamin A palmitate (each group consisted of 6 animals)
Group
Treatnient
— -
Weeks i—jo weeks 1116
.
Resulting
epithelial
change*
1
2
3
4
5
6
Vitamin A in paraffin
Vitamin A in paraffin
Vitamin A in paraffin
Vitamin A in paraffin
No treatment
No treatment
S —
No treatment
DMBA in paraffin
Paraffin
DMBA in paraffin
Paraffin
S
S
S
S
S
+ (6 animals)
— (6 animals)
+++ (6 animals)
++++ (2 animals)
— (6 animals)
++ (6 animals)
0 (6 animals)
* 0 = normal; — = generally normal, with focal atrophy; + focal acanthosis and focal atypia;
++ = diffuse acanthosis and focal atypia; +++ = focal intraepithelial carcinoma; ++++ = infil-
trating carcinoma; S = sacrifice.
230 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
The left cheek pouches, regional lymph nodes,
and internal organs showed no significant
changes in any of the animals.
DISCUSSION
In the present study, the carcinogenic effect
of DMBA on the hamster cheek pouch mucosa
was enhanced by preceding local treatment
with vitamin A palmitate.
Vitamin A is known to cause epithelial
hyperplasia and atypia with disorientation of
the basal layer, an increase in the mitotic
index, and mucoid metaplasia of squamous
epithelium (1—5, 8—10).
In some studies, both vitamin A palmitate
and vitamin A acid, when administered either
topically or systemically, inhibited the forma-
tion, retarded the growth, and induced the
regression of various experimental tumors (11—
15). On the other hand, March and Biely (16)
showed that vitamin A palmitate increased the
incidence of avian leukosis, and Prutkin (17)
demonstrated that vitamin A acid increased
the number of DMBA-induced keratoacantho-
mas in rabbits.
Vitamin A belongs to a group of substances
which induce increased permeability of cellular
and subeellular membranes, including those of
lysosomes, with the subsequent release of lyso-
somal enzymes (18—22). Allison (23) has sug-
gested that lysosomal labilization may be an
important factor in the initiation of carcino-
genesis. Allison and Paton (24) showed struc-
tural alterations in the chromosomes, probably
due to activation of lysosomal DNase which
entered the nucleus after lysosomal damage,
and led to malignant transformation. Further-
more it has been suggested that lysosomal
enzymes can release cells from mitotic inhibi-
tion and may be involved in the initiation of
cell division (25). Hirschhorn et at. noted a
marked increase in cytoplasmic acid phospha-
tase in human lymphocytes treated with
phytohemagglutinin, shortly before these cells
underwent mitosis (26). Lately Dresser, while
studying the adjuvanticity of vitamin A alco-
hol, has shown that it may stimulate the divi-
sion of lymphocytes (27). In both these studies
the results suggested that lysosomal enzymes
play a role in cell division.
The results of the present and of previous
studies appear to support Allison's concept of
the role of lysosomes in carcinogenesis. In
the experiment which demonstrated a poten-
tiating effect of the vitamin on DMBA-
carcinogenesis when these agents were applied
simultaneously (6) it appears feasible that the
vitamin facilitated the entry of DMBA into
the cells and their subcellular organelles, thus
enhancing the earcinogenicity of DMBA.
However, the increased tumor formation en-
countered in animals treated initially with
DMBA for 6 weeks and subsequently with
vitamin A (7), and the results of the present
study, where the sequence of the drugs was
reversed, cannot be readily explained only by
increased penetration of DMBA into cells, de-
spite the possibility that there may have been
an overlap in the effects of the compounds
used, since there was no intervening treatment-
free period. These results are more likely to be
due to a direct labilizing effect of the vitamin
on the lysosomes, causing release of lysosomal
enzymes, known to influence nuclear metabo-
lism, and resulting in increased cellular pro-
liferation and epithelial atypia. The present
study, and previous experiments, offer conclu-
sive evidence of the co-carcinogenic effect of
excess vitamin A palmitate in cheek pouches of
hamsters treated with DMBA.
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